lites. O r a l administration of nicotinic acid in small doses ~r o d u c e d
Pyridoxine (vitamin B,) plays an important role in cellular metabolism. Its involvement in the development and function of the central nervous system has also been well established (8) . During the course of our studies on pyridoxine deficiency in experimental animals, we observed a differential depletion of the coenzyme pyridoxal-5'-phosphate (PLP) from brain, liver, and blood. The loss was found to be most rapid in blood and least in brain in postweanling pyridoxine-deficient animals (2, 5, 16, 17, 24) . In the case of the neonatal rats, however, at an age when the "blood-brain barrier" is not fully developed, the depletion from the brain was found to be more severe than in the young adult (2) . Metabolic and functional disturbances as a direct consequence of the loss of PLP from brain have also been observed (2, 3.8, 23-25) . W e now report data on the growth and the coenzyme status of heart, kidneys, lungs, and adrenals in weanling rats subjected to a dietary deficiency of pyridoxine.
METHODS AND MATERIALS

ANIMALS AND DIETS
Weanling Sprague-Dawley-derived male rats (31) were used in the study. They were divided into two groups of 12 animals each and housed in individual suspended stainless steel cages with wire bottoms in a temperature-regulated room (74" F) with a 12-hr lightldark cycle. One group received a pyridoxine-deficient diet, described earlier (3), and the other received the control diet (the deficient diet supplemented with 30 mg pyridoxine HCl/kg diet). The animals were fed ad libitunr with free access to water.
EXPERIMENTAL DESIGN
The groups were fed the respective diets for 8 weeks by which time the animals not receiving the pyridoxine supplements were markedly deficient both by clinical and biochemical criteria as described previously (3). The animals were then killed by decapitation, and the tissues (heart, kidneys, lungs, and adrenals) rapidly excised and homogenized in ice-cold water using 5 ml/g except in the case of the adrenals (~o o l e d ) . where 10 ml/g were used.
weights expressed in terms of percentage of body weights were about 2 times the control values, thus indicating hypertrophy. One other possibility which cannot be ruled out without additional data is that these tissues were less affected by the deficiency.
The data on the P L P content of the tissues are given in Table 2 . The depletion of P L P from the lungs, kidneys, and adrenals was severe (from about 85% to 88%). Although the loss from the heart was much less in comparison (about 48%), it was nevertheless highly significant.
DISCUSSION
The effects of pyridoxine deficiency such as marked reduction in growth, anorexia, acrodynia, and dermatitis noted in this study with postweanling rats have all been well documented in the literature, the only difference between the various reports being the length of time needed to produce clear-cut deficiency symptoms. Using the diet described by us (3), it is possible to induce rapidly the deficiency symptoms without the use of any dietary antagonists, which if used would confound the picture as far as the effects of a simple dietary deficiency are concerned. Under our experimental conditions, decreases in food intake and in the rate of growth are evident within the first few days after initiation of the dietary treatment in the postweanling rats. The mortality rate is very high after about 8 weeks on the diet. These young adults rarely show spontaneous convulsions, although y-aminobutyric acid production in brain is reduced under similar conditions (28) because of decreased activity of the PLP-dependent enzyme, Lglutamate decarboxylase (22) . O n the other hand, neonatal rats subjected to pyridoxine deficiency (maternal) exhibit frequent episodes of spontaneous convulsions (2. 9. 30).
Although there is a net decrease in the weights of all the four 
EXTRACTION AND ASSAY OF PLP
The method for the extraction was a modification of the one described by Minard (18) . All operations were carried out in cold and under subdued light unless otherwise indicated. The iissue homegenate ( I ml) was treated with I ml 1.5% (w/v) metaphosphoric acid ( M P A ) followed by 4 ml 0.75% MPA, vortexed and held at 80" for 15 min in a water bath. The precipitate was separated by centrifugation (about 25,000 x g for 10 min). washed once with 5 ml 0.75% MPA. and the combined supernatants were brought to pH 5.5 using KOH solution. The final volume of the extract was noted and diluted if necessary before using it in the assay.
P L P in the extracts was assayed by a modification (4) of the method described previously (16, 27) . which is based upon the enzymatic decarboxylation of L-[I-'"]tyrosine by tyrosine apodecarboxylase in the presence of PLP.
RESULTS
The body and tissue weights for both the groups are given in Table I . The growth rate of the deficient rats was very poor and the body weights reached a plateau by the 6th week of the euperiniental period. The weights of heart. lungs, kidneys, and adrenals were also markedly lower in the deficient rats. However. the tissue + 12.5 +0.022 10.042 +O. 1 tissues studied in the deficient animals, the weights expressed in terms of their body weights are all higher when compared with those of the controls. This indicates marked hypertrophy of all the tissues. with the adrenals showing the maximum effect. Hypertrophy of the heart and kidneys has been noted before (1, 19, 21) . As for the adrenals, our data are in accord with those of Olsen and Martindale (19) . Agnew (I), Combridge ( 7 ) , and Eisenstein (14) . although at variance with those of Delost and Terroine (I I). This may be because of differences in the experimental design, especially in the diet composition and age of the animals, and hence in the degree of deficiency. The hypertrophies observed in the present study cannot be attributed to inanition in the deficient animals. since the data of Olsen and Martindale (19) clearly demonstrate no similar changes in hearts. kidneys, and adrenals in pair-fed control rats. The data on the PLP content of the tissues in the deficient animals reveal a marked depletion in all four tissues, the kidneys, lungs. and adrenals being more severely affected than the heart. Data on the P L P content of heart and kidneys have been reported previously by Wachstein and Moore (29) , but the values for the control tissues are much lower than ours. This may be because of methodologic differences, especially with respect to the extraction and assay of PLP.
The extensive depletion of PLP from the tissues as observed in the present study is quite likely to lead to functional disturbances. Our previous data, for instance, show an impairment in central nervous system function with a depletion of only about 50% from the brain (23) (24) (25) . In the case of the kidneys, decreased renal concentrating ability (10) . uremia (I?), and increased lysosomal hydrolase activity ( 1 3) have been reported in the deficient animals. In humans. the existence of pyridoxine deficiency in uremic patients has recently been recognized (26) . Cardiac lesions (21) have been described in pyridoxine-deficient animals. whereas in humans. pyridoxine deficiency has been shown to be associated with congestive heart Failure (15). Adrenal dysfunction has been reported in the deficient animals (20) . Although comparable data for humans are not available, it is quite likely that adrenal function would also be affected. N o data exists in the literature on PLP content of lungs or on the pulmonary function in pyridoxine deficiency. However. the extent of depletion of PLP from the lungs as observed in the present study does suggest possible functional changes in this tissue also. The recent findings of increased excretion of tryptophan metabolites in childhood bronchial asthma and its reversal by therapeutic doses of pyridoxine (6) does indicate an important role for the vitamin in pulmonary function. Additional experimental data on the metabolic and functional changes in these tissues in pyridoxine deficiency will be of importance.
SUMMARY
Pyridoxine deficiency induced in postweanling rats led to ( I ) severe growth retardation and growth failure; ( 2 ) marked hypertrophy of heart, lungs. kidneys, and adrenals as indicated by relatively higher tissue weights in relation to body weights: and (3) extensive depletion of the coenzyme pyridoxal-5-phosphate trom these tissues.
